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propetrovsk Metallurgioal Instutute and Melito-
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SR• (Reports of the Academy of 6olenoes
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1049 - 1051t7

The introduction of inhibitors into a oorrosion-aotive

solution truly changes the properties of the metal surface If

the inhibitor particles are adsorbed E-l'J. For this reason

the question of the ability of the inhibitor to be adsorbed

Is very Important in determination of the mechanism of ac-

tion of additives as Inhibitors.

We studied the effect of uexamethylenetetramine as the

Inhibitor on the properties of the surfaces of steel and aer-

cury in a sulfario acid solution. The main results and methods

have been described before In C2 - 4,3. It was proven that

active particles in the solution are those of hexamethylene-

tetramine and of the products of its acid deoomposition



Udn eleotr•rieduoti**s Miines of various eemposition@

and structures, f6rualdehyde, ammonia or all together, in

other vords "hexeaethylenetetraaine complex". Thus, hex"-

sethylenetetramine is classified by us in the mixed class of

ihlbitors of.Athe cation-molecular type. The inhibiting ac.

tion of hexaaethylexetetranine is explained by changes of

properties of the sulfuric said solutions Increase in pH

and accumulation of various substances of the hezanethylene-

tel-trine complex depending on the pH of the solution. In

addition, the adsorption of hexamethylenetetramine on the

surface of metal changes the structure of the double layer

and also changes the active uneoreened corrosion surface.

"The last function of the hexamethylenetetramine is much more

important In the concentrations of acids used in pickling

and manufacturing.

Our eleotrooapillary measurements showed that all in-

veast'gated concentrations of hexamethyleneietramine shift the

zero bharge potential of mercury in H2 SO4 to the positive side.

The magnitude of shift in IN H2 SO4 is: for concentration

1 g/l -- 10 mv; for 10 g/1 -- 50 my; for 40 g/1 -- 1004i

(very simsular values were obtained by us for 0.2 N H2S04).

The specific adsorption on the positively charge&

surface is also evident for all solutions of hexamethylene-

,ijetramine. It is observed during shift of the potential
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'-to the positive side of the potential of the zero charge for

solutions with 1 and 10 g/l of hexamethylenetetraaine by 50

!00 mv, and for a solution with 40 g/l by 200 - 250 my (this

4S only part of our data).

The stationary potential of the corroding steel, co-

vered with scale and steel. without scale, depends on the oon-

centration of hexamythelenetetramine and on the concentration

of acid. It may be shifted either in the positive or in the

ne Ytive ciirectiou with respect to the statin.ary potential

In tLe sanve solution. Such a characterislto effect of hexa-

,tcýhyleenetezramine on the magnituide of the stationary poten-

tial causes dqsorption of the individual component parts of

the hiexamethylenetetramine complex Auring anodic polarization

of steel.

In HOSO solution containing I - 10 g/1 of hexamethyl-J- 4

enetetramine the values of stationary potential and of the

zero charge potential are very close. Thus, in anodio polari-

zation at 30 - 50 my the desorption potential is reached for

the cation part of the hexamythelenetetramlne complex. The

anodic polarization curves in this case have characteristic

deeorption slopes. The anodic curves for solutions which

contain only forhaldehyie do not have such slopes. However,

it it only the cation fraction of the hexamethylenetetramine
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1comilex h.ich is desorbod and riot the molecular fraction. I

In 0.2 N R2 So 4 which contains 40 g/l of hexaaethylenetetraaine

the stationary potential (-420 my) is much more negative than

the zero charge potential (-330 mr), therefore, under these

oonditions the desorption potential is not reached.

At all values of the stationary potential a specific

adacrption of the cation fraction of the hezaaethylenetetramine

complex is observed at the anode. The electrostatic adsorption

can take place in that ease when the stationary potential is

more negative than the potential of the zero charge. The com-

bination of the polarization investigations with steel and

polarographio and electrocapillary investigations virth mercury,

along with the simultaneous tegistration of current in the

electrooapillary apparatus circuit proved to be highly ef-

fective for determining the mechanism of the inhibition ac-

tion.

The mechanism of the action of the additives to solu-

tions should be divided into two groups:

1) Additives whioh during polarization do not change

their chemical nature and at definite values of the potential

are desorbed from the surface of metal.

2) Additives which are adsorbed at definite values of

the potential and are oxidized or reduced. The effectiveness

of such additives as inhibitors in lowered at those potentials
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Fa which eleotroohemaial processes take place.

Oathodes and anodes may adsorb oations, anions and

'molecules. Their adaorption ins due to the action of eleotro-

statio and speoifio foroes or generally by one type of foroes.

In polarizsation with external current the eleotrostatio effeot

on the adeootion of particles from solution. to freely regu-

lated. In this the potential of the electrode either approach-

es or is further removed from the potential at which the so-

tion of these specific forees ts predominant. The obtained

results for the additives of the molecular and otionic type

.•iich were obtained In our Investigations and also the analy-

sit of the literature data on the additives of the anionio

type Z-5, 6J7 permitted the establishment of a number of ohara-

eteristic signs for the adsorption processes and to establish

the relationship between the types of adsorption, magwitude

of adsorption (r ), polarlsation potential (() ), zero charge

potential (4•) and the types of additives, as it Is shovn In

the diagram.

oPr all type. of additives In the I and 16 regions

el.ectrocheaioal reactions take plaoe, vile the regions 2 and

2' and 3 are those vhere adsorption takes pace. *The bounder-

i•e betweon these regions are not stationary (they are deter-

mined by many factors which are not considered here), thus we

! hoV thea with wavy lines.J
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the 116iess With prfsussd I1ffmte

r aIesto--r. I " of e'quo ef feel*% of 0106ti..

""Oft ade"f

Pig. Typl~oal Regions of the Adsorption Prooesses at the
Bleotrodes Polarized by External Ourrzeuti



In cathodic polaritation the electrostatic adsorption

of catioes increases (curve KLOQD), and for anions it lowers

kourve ABOV). The specific action increases the adsorption

aidependently of the nature of particles. thus, if the addi-

tive is muchauged eleotroohemioally the true adsorptiou curve

for tbs additive of the cationic type will be XLBOD, while

Por the anionic type -- ABM. ?or such substances oharao-

ter-.stc adsorption is absent at definite potentials (to the

rst eaud to the right of points X and 9).

?or additives wbich are eleotrooxidised or eleotror.-

duaed the true adsorption shall be SKLDODT and PAQ•M rem-

peotively.

If the molecular substance does not change the zero

charg*epotential then in moving awa£ from the to either

side " the specific adsorption decreases (region 3, ourve BC).

In the following change of theLpate•tial to either sides aor-

ropo-iding reorientation of polar molecules may occur, then

the adsorption of nubstanoes Increases as a result of electro-

etatic forces (OD and BA). The possibility is not excluded

thiat ori5atton or reduction of moleoules may occur at further

changes of potential (AP and DT). It is also possible that

Aith the lowering of the aotion of the specific adsorption

forces a desorption of molecular substanoes may begin, then
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f-he .6urve for the moaeenies ui1l fonlow the direction of

ON and SMU. A differeat path for Uhe adsorption ourves is

al.so pomible In which only one type of adsorption it pre-

d1minvnt.

The scheoe for visual representation of the relation-

ship1 betwest i types and sagvtudes oft asorption, ,types of

,ad•tives and polariosation potential ,s cited.
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